In this study, a mathematical model is developed for simulating the influence of fins and baffles on the thermal performance behavior of single pass solar air collector system working in forced convection. Due to the lack of theoretical work in the case of single pass solar air heaters having artificial roughness, we have proposed a theoretical model which consists of dividing the collector into several differential elements along the panel. This model is based on a numerical solution of energy equations in each component of collector. The results obtained from the present work and results of others researches are in good agreement. Using energy analysis, influence of parameters such as width of baffles, distance between baffles, length of air heater and number of fins are presented. The obtained results would be useful to select the most efficient and design parameters.
INTRODUCTION
Since the petrol crisis, attention is drawn to the various sources of alternative energy, including: renewable energy geothermal energy [1] , solar energy, wind energy etc. Solar system is the energy which the sun provides by its radiation directly or diffusely through the atmosphere. Solar energy transformed into heat is usually reorganized as one of the most effective ways to exploit solar energy. It has found many applications in the field of heating, drying, cold production, etc. [2] [3] [4] [5] . Several types of air collectors were constructed and tested throughout the world. The main objective is to collect the maximum amount of solar energy at minimum use materials and cost [6, 7] .
To increase the efficiency of solar air collectors, the heat transfer coefficient between the absorber plate and air stream should be improved, one of the most common methods to increase the heat transfer coefficient using the turbulence promoters in the form of artificial roughness on the absorber plate. In order to improve the performance of solar air heaters, different methods have been suggested to increase the rate of heat transfer between air stream and absorber plate. According to many researches, the performance of solar air collectors can be improved by utilizing corrugated surfaces [8, 9] , employed artificial roughness in the air duct [10] [11] [12] , attaching fins [13] [14] [15] [16] [17] [18] and fins and baffles [19] [20] [21] [22] . These ways mentioned are usually introduced as some of most promising kinds of the performance enhancement techniques. They play double aspect role in promoting heat transfer to the air flow: i) they make the turbulent flow near the hot plate [23, 24] ; ii) they extend the path of the air flow [25, 26] .
A number of studies have investigated theoretically for different air heaters designs by applying the heat balance equations in order to compute the temperature distributions in each of their components [27] [28] [29] [30] [31] . Mohammadi and Sobzpooshani [29] investigated the influence of fins and baffles attached over the absorber plate on the performance of the upward type single pass solar air collector the problem was treated and solved theoretically under steady state conditions. Yeh [32] investigated theoretically the effect of internal re cycle on the collector efficiency in upward-type flat-plate solar air collectors with fins attached. The results of their work illustrated that the improvement in solar air collector efficiency increase with increasing reflux ratio, especially for operating at lower flow rate of air with higher inlet air temperature. Moreover, the performance in the device operated with internal recycle overcomes that in the same-size device operated with external recycle. However, the study did not take into consideration the effect on fins number height and fin arrangement. Bahrehmand et al. [33] developed a mathematical model for simulating the thermal behavior of single and two glass cover solar air heater systems worked in forced convection flow. Results of their work showed that, the systems with fin and thin metal sheet are more efficient than other studied systems from the energy and exergy efficiency standpoints. Another work was presented by Bahrehmand and Amri [28] which studied single and two-glass cover solar air collectors with natural convection flow. Their goal was to show the effect of longitudinal fins, as well as the depth and length variations of the channel on energy and exergy performances of the air heaters. They noticed that the devices with two-glass are more efficient than a single glass solar air collector. Mohammadi and Sabzpooshani [34] appraising the possibility of enhancing thermal performance of an upward-type single pass solar air collector by utilizing fins and baffles over the absorber plate as well as applying external recycle device simultaneously under various parametric conditions. Their results discouraged the utilization fins and baffles over the absorber plate under applying external recycling operation at high mass flow rates and recycle ratios. Sabzpooshani et al. [35] studied the exergetic performance of a baffled type solar air collector has been evaluated theoretically. A detailed parametric study was done to investigate the effect of variation of fin and baffle parameters, number of glass covers, bottom insulation thickness and inlet air temperature at different mass flow rates on the exergy efficiency. The results indicated that attaching fins and baffles at low mass flow rates can lead to noticeable enhancement of the exergy efficiency. The results revealed that the trend of variation of the energy and exergy efficiencies are not the same and the exergy efficiency is the chief criterion for performance evaluation. Ho et al. [36] examined the performance of a double pass solar air heater with fins and baffles attached under influence of external recycling operation. They made a comparison between the performances of several designs such as the single-pass, double pass with recycle, fined double-pass with recycle, and fined plus baffled double-pass with recycle. The results disclosed that the increment of recycle ratio leads to enhance the efficiency. Moreover, the lowest amount of efficiency improvement and highest amount of power consumption is attained for the fined plus baffled double-pass design under external recycle. They also introduced the recycle ratio of 0.5 as optimum value for the fined plus baffled double-pass solar air heater.
Experimental and theoretical investigation are presented by Aissaoui et al. [27] to simulate the local heat transfer coefficient in flat plate single pass solar air collector working in forced convection. A comparison results between a theoretical prediction and the measured temperatures were conducted through different solar radiation intensity.
The review of bibliographic studies indicates that the previous studies used complicated model. On this account, the prime aim of this study is to propose an approach model which consists of dividing the air solar collector into several differential elements along the collector. Then, to the second aim of this research work is to investigate the effect of pertinent geometric and thermo-physics parameters on solar air collectors with fins and baffles attached. In other words, the performance of different solar air collectors' systems using the first and second laws of thermodynamics is investigated.
MATHIMATICAL MODEL
In this study, solar air collectors are investigated, single pass solar air collector with and without fins and baffles attached over the absorber plate.
The mathematical model is developed according to an energy balance equations performed on each component of the solar air collector systems. Figures 1 and 2 show schematic diagram of single pass upward type solar air heater with fins and baffles attached over the absorber plate. In order to simplify the mathematical model, the following assumptions are made:
• The system operates under steady state conditions.
•
The air temperature changes only in the direction of the air flow.
• Heat transfer through the glass covers and absorber plate is 1-D and in the direction of perpendicular to the air flow.
• The lateral walls heat losses are neglected due to their small amount.
• The fins thickness is negligible compared to their length.
In order to determine temperature distribution in each collector component, including air flow, energy flux balance equations are applied to a differential length control volume, parallel to flow direction,lying on top side on the glass cover, and in the bottom side onthe absorberplate, as shown in Fig.  3 . 
Energy balance equations
The following energy balance equations are written for various air heater components in each control volume:
For the glass cover
For the air flow
For the absorber plate
where is dimensionless coefficient defined as follows:
is the fin efficiency and can be obtained as
where
is the efficiency which may be obtained from the following emperical equation [19] :
It should be mentioned that when there are no fins and baffles attached to the absorber plate, is equal to 1.
Estimation of heat transfer coefficients
Effect of wind. In order to identify the external convection coefficient, the relationship is used [37] :
Convective heat transfer coefficient between the absorber and the air flow. In order to determine the convective heat transfer coefficient inside in the case of rectangular channels for laminar ( Re≤2300) and turbulent ( Re≥2300) forced convection flow is estimated by using the Eqs. (9) and (10), respectively [38, 39] . 
Heat transfer by radiation. The absorbed solar radiation absorber is:
Radiative transfer coefficient between the absorber plate and the sky. The radiative transfer coefficient between the glass cover and the sky can be given by the formula:
The temperature of the sky is given by the formula[40]:
= 0.0552
Radiative transfer coefficient between the cover glass and the absorber plate. The radiation heat transfer coefficient from the absorber plate to glass cover is estimated as follow:
Coefficient of thermal losses toward the rear of the solar air collector. The coefficient of thermal losses toward the rear of the air solar collector is given by:
Coefficient of thermal losses to the front of the collector. The coefficient of thermal losses to the front of the solar collector air is given by: 
Properties of air flow
where Tf is the fluid temperature evaluated in Celsius. V=1m/s Numerical calculations have been carried out to calculate the energy efficiency for different solar air collector systems with given operating conditions. In order to obtain the results numerically, proper codes are developed in FORTRAN using the fixed parameters tabulated in Table 1 .
Numerical calculations and solution method
In each control volume, the finite difference method is applied to approximate the air temperature gradient as follows:
The 3×3 system of equations is written in matrix form for unknown T1, T2and Tf and a linear system is solved, because the coefficient matrix is the unknown function of temperature, an iterative scheme is performed. The procedure of the solution in each section is repeated throughout the length of the manifold.
And in the present program, the coefficients for the both upper and lower surfaces of channel were assumed equal; h1= h2.
The useful heat transferred to air can be written in terms of the mean fluid and inlet temperatures as follows: 
Gauss elimination is used to calculate the unknown temperatures T1, T2and Tf.
The elements of the matrix [A] contain radiation heat transfer coefficients which depend on the unknown temperatures; an iterative process based on substitution technique was the carried out in each control volume. To confirm the reliability of our theoretical study, we compared the results of our code with previous results. The results obtained and published by Ong [30] are used to exanimate the validity of the proposed model from the single pass solar air collector without fins. Figure 4 shows the outlet air temperature as a function of distance along collector, the results reflect good consistency with those of Ong [30] .
VALIDATION WITH LITERATURE
To approve the stability and robustness of our mathematical and numerical approach to both, we conducted another validation for the solar air collector plane with fins and baffles attached on the absorber plate with the numerical results of Mohamedi et al. [29] in terms of thermal efficiency different procedures. Due to the absence of the experimental study for single pass solar air collector with fins and baffles attached over the absorber plate that is why we compared the obtained results in terms of efficiency with the previous study [29] for the same configuration, system properties and operating conditions and I=700W/m 2 . The comparison results are shown in figure 5 . It is clear that the present results are in favorable agreement with the results obtained by Mohamedi et al.
We have performed a second validation with the results of Mohamedi et al. [29] in thermal efficiency and outlet air temperature at different procedures to approve the stability and robustness of our numerical approach. Table 2 . Shows the effect of changing of fins and baffles (distance between baffles and baffles depth) for mass flow rate ̇ =0.03Kg/s, ̇ =0.05Kg/s on the outlet air temperature and thermal efficiency. The results obtained were compared with the results of Mohamedi et al. [29] for the same configurations, system proprieties and operating conditions for I= 700 W/m 2 .The comparison results are presented in the table2. It is clear that the present results are in favorable agreement with the results of previous work. [29].
RESULTS AND DISCUSSIONS
The energy gain(Qu), thermal efficiency (ɳ) and outlet temperature (Tfo) for mass flow rates of ̇=0.01Kg/s, ̇=0.03 Kg/s and ̇=0.05 Kg/s; various number of fins and baffles parameters and for I = 900W/m 2 are tabulated in table 3. It is noted that Qu and ɳ increase with increasing the mass flow rate, number of fins and baffles parameters. At constant number of fins and baffles parameters, the outlet temperature also increases with increasing the number of fins and baffles parameters and decrease with increasing the mass flow rate. The same result is obtained with increasing the number of fins at constant baffles parameters. Furthermore, raising the number of fins at constant baffles parameters and increasing the width of baffles at constant number of fins, the outlet air temperature, energy gain and efficiency increases, and this influence reduces with increasing the parameters. On the other hand, the distance between baffles at constant number of fins results in enhancing the energy gain and efficiency and this effect increases with reducing the distances between baffles.
Absorber plate, glass cover and air flow temperatures are plotted in figures (6, 7) with and without fins and baffles attached over the absorber plate at I= 700 W/m 2 , ̇=0.02 Kg/s. In all results, it was observed that the absorber plate exhibited the highest temperature. It was seen also that small temperature differences between air flow and the cover glass of the order of 2K, it could be obtained if the solar air collector contains fins and baffles.
Figures (8, 9) include variations of the outlet temperature for different width of baffles and distances between baffles with mass flow rate for I=900W/m 2 . In all results, it can be noted that the increase in mass flow rate lead to decrease in the outlet temperature. It is evident that the outlet temperature increases with increasing parameters Wbaff and L baff, in comparison with the solar air collector without fins due to increase in the rate heat transfer from the absorber plate to air stream.
Figure10illustratesvariations of the outlet temperature of solar air collector as a function of mass flow rate by changing number of fins for I=900W/m 2 , it is found that the effect of increasing the number of fins more than 7 is not remarkable, the obtained results from figure. 9×reveals that with increasing the number of fins, the outlet temperature increases.
According the figures, it can be noted that the increasing in the mass flow rate leads to decrease in the outlet temperature. Figure 11 shows the effect of Nusselt number on outlet temperature of single pass solar air collector without fins for various length of collector at solar intensity I=900W/m 2 , the curves indicate for L=2,L=3and L=5, L=7 and L=9 ,at Nusselt number ranging from 5to15 with solar intensity of I=900W/m 2 , the outlet air temperature dropped from 339.62K to 305.36,340.78K to 310.76K,361.42K to 320.56K ,370.68K to 328.97K, 375.68K to 335.81 K respectively. 
CONCLUSIONS
In this research work, the thermal performance of single pass solar air collector with and without fins and baffles attached over the absorber plate has been carried out theoretically. We have proposed a mathematical model which consists of dividing the collector into several differential elements along the solar air collector. Thermal balance equations are then applied over each element in conjunction. From the FORTRAN numerical code, we have computed the temperature profiles of the glass cover, air flow and absorber plate. On the basis of the energy analysis, with attaching fins and baffles and increasing the number of fins as well as baffles density (increasing baffle width and decreasing distance between baffles), the energy efficiency continuously enhances with the increasing mass flow rate. The results of the proposed approach agree closely with values of previous work researches.
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